Study objectives: To study the location, distribution, and intensity of pain in a sample of adult cardiac surgery patients during their postoperative hospital stay. Design: In a prospective study, pain location, distribution (number of pain areas per patient), and intensity (0 to 10 numerical rating scale) were documented on the first, second, third, and seventh postoperative day (POD). Patient characteristics (age, sex, size, and body mass index) were analyzed for their impact on pain intensity. Setting: A university hospital. Patients: Two hundred consecutive adult patients who underwent median sternotomy for open heart surgery. There were 121 male and 79 female patients, with a mean (؎ SD) age of 60.9 ؎ 19.2 years. Measurement and results: The maximal pain intensity was significantly higher on POD 1 and 2 (3.7 ؎ 2 and 3.9 ؎ 1.9, respectively) and lower on POD 3 and 7 (3.2 ؎ 1.5 and 2.6 ؎ 1.8, respectively). The pain distribution did not vary significantly throughout the hospital stay, but the location did, with more shoulder pain on POD 7. Only age was found to have an impact on pain intensity, with patients < 60 years having a higher pain intensity than older patients on POD 2 (4.3 ؎ 2.2 vs 3.6 ؎ 2.4; p ‫؍‬ 0.02).
P
ostoperative pain for the adult cardiac surgery patient has many facets. Pain can be caused by incisions, intraoperative tissue retraction and dissection, multiple intravascular cannulations, chest tubes left after surgery, and multiple invasive procedures that patients undergo as part of their therapeutic regimen. Pain has been pointed out as one of the primary sources of concern to ICU patients, 1,2 and similar findings have been reported for cardiac surgery patients as well. 3, 4 There has been an explosion of pain literature and research within the last three decades, but few studies have focused on cardiac surgery patients. 4 -8 Moreover, most of them focused on pain intensity. Pain intensity provides a useful measure to recognize the amount of pain perceived by the patient and a useful comparison with other painful experiences. However, data on pain location and distribution are lacking. Because of the multidimensional aspect of postoperative pain in cardiac surgery, this point deserves emphasis.
This study was intended to study the location, distribution, and intensity of pain in a sample of adult cardiac surgery patients during their postoperative hospital stay from the operation to the end of the first postoperative week. Factors that could potentially have an impact on pain intensity and distribution were analyzed as well.
Materials and Methods
This prospective study involved 200 consecutive adult patients who underwent median sternotomy for open heart surgery and fulfilled selection criteria chosen to minimize heterogeneity of the sample and to ensure proper data collection. These criteria included extubation before the first postoperative morning and the absence of alterations in cognitive functioning at any time during the hospital stay, as well as a fluent French-speaking and French-reading ability. Moreover, patients were excluded if they required a ventricular-assist device, an intraaortic balloon counterpulsation, a postoperative thoracic drainage, or a second operative procedure (cardiac or noncardiac) during the same hospital stay.
All the patients underwent standard bypass procedures with membrane oxygenation and moderate hypothermia. During the anesthesia, patients routinely received between 25 and 50 g/kg of fentanyl. The arms were positioned along the body on the operating table. The sternum was closed with five peristernal wires. Mediastinal and thoracic drains were passed through the rectus abdominis muscles just below the xiphoid area. In the absence of varicose segments, the long saphenous vein was harvested from the calf in men and from the thigh in women.
During the first 24 h, the basic analgesic regimen included IV morphine sulfate at a dose of 1 mg/h when the body weight was Ͻ 90 kg and 2 mg/h for heavier patients. From the first postoperative day (POD) until the removal of the drain (POD 2 or 3), 500 mg paracetamol was given qid per os, and 5 to 10 mg morphine was injected subcutaneously as required. Then, paracetamol was administered as required, alternating with tramadol hydrochloride tablets of 50 mg up to qid.
All the nurses involved in the study received uniform instructions before beginning the patient recruitment. Pain location, distribution, and intensity were documented between 7 and 9 am on the first, second, third, and seventh POD. The nurse in charge was instructed to report exactly the painful body areas involved on a specially designed picture, as shown in Figure 1 . The body surface was divided into 32 anatomic areas. Boundaries between areas were drawn at anatomic landmarks, primarily at joints when appropriate. It was expected that these divisions would approximate those used by patients when asked to describe their pain location. The distribution of pain was quantified by counting the number of areas involved. A numerical rating scale of 0 to 10, with 0 representing no pain and 10 representing the worst possible pain, was used to assess the subject's maximal pain intensity.
All the pain data were collected by the nurse in charge on a separate sheet every observational day. Each sheet included the drawings of Figure 1 . 
Statistics

Results
The patients' characteristics are shown on Table 1 . The surgical indications are listed in Table 2 . Taking into account patients with combined procedures, 127 patients had saphenous vein grafting, 41 had procedures on the aortic valve or the ascending aorta, 22 had procedures through the left atrium, 7 had procedures through the right atrium, and 7 had multivalvular replacements. Table 3 depicts the percentage of patients involved with pain in the different areas described on Figure 1 . Both maximal pain areas and all pain areas on POD 1, 2, 3, and 7 are reported. There were 27 of 200 patients (13.5%) without pain on POD 1, 20 of Table 4 . When the maximal pain intensity values were analyzed, there was a statistically significant difference between POD 1 and 3 (p ϭ 0.03), POD 1 and 7 (p Ͻ 0.01), POD 2 and 3 (p Ͻ 0.01), and POD 3 and 7 (p Ͻ 0.01), whereas the difference between POD 1 and 2 was not statistically different. When the number of pain areas per patient was compared, no significant differences were found throughout the hospital stay (Table 4) .
On the other hand, location of pain areas, whereas similar for the first three POD, showed some differences on POD 7 (Table 3) . When POD 1 and 7 were compared, the number of patients with epigastric pain was higher on POD 1 (63 vs 18, p Ͻ 0.01). Moreover, pain of the back of the shoulders was more often reported on POD 7 than on POD 1 (19 vs 5 on the left and 20 vs 1 on the right, respectively, p Ͻ 0.01).
The influence of morphometric as well as procedure-related variables on pain distribution and intensity was analyzed. Patients Ͻ 60 years had a higher maximal pain intensity than older patients on POD 2 (4.3 Ϯ 2.2 vs 3.6 Ϯ 2.4, p ϭ 0.02). Women described more pain areas than men on POD 7 (2.2 Ϯ 2.1 vs 1.6 Ϯ 1.6, p ϭ 0.01). Patients with a body mass index (BMI) Ͼ 30 presented more pain areas than the others on POD 2 (2.7 Ϯ 2.2 vs 1.8 Ϯ 1.6, p ϭ 0.01). The other comparisons between POD for age, sex, BMI, and size (Ͻ 170 vs Ն 170 cm) were not statistically significant. Thirty-six patients had an operation on deeper structures: mitral valve, tricuspid valve, septal defects, and myxoma. The pain intensity and the location of the pain areas of this category of patients did not differ from the others; specifically, there was not more back or shoulder pain, which could have been related to a wider sternal retraction. Among the 127 patients with saphenous vein bypass, relatively few complained about leg pain: 13 patients (10.2%) on POD 1, 15 patients (11.8%) on POD 2, 7 patients (5.5%) on POD 3, and 18 patients (14.2%) on POD 7, whereas among the 73 patients without saphenous vein harvest, none reported leg pain. The difference between both groups was statistically significant at all time intervals: p Ͻ 0.01 on POD 1, 2, and 7, and p ϭ 0.049 on POD 3. There was no significant sex difference related to vein harvest site incision (thigh for women vs calf for men): on POD 7, pain from the vein harvest site incision was found in 10 of 87 men (11.4%) with calf incision, 4 of 26 men (15.4%) with thigh incision, 1 of 6 women (16.7%) with calf incision, and 3 of 23 women (13%) with thigh incision.
Discussion
In this patient population, maximal pain intensity was moderate, did not diminish during the first 2 PODs, and started to decline between POD 2 and 3. Puntillo and Weiss 7 analyzed the pain experience of 74 cardiac and abdominal vascular surgical patients during their first 3 POD and found that the mean pain intensity varied little, although the detailed score of the cardiac patients was not mentioned. Meehan et al 6 reported similar findings to ours in a group of 50 cardiac surgery patients. In our study, the maximal pain intensity was significantly higher on POD 1 and 2 (3.7 Ϯ 2 and 3.9 Ϯ 1.9, respectively) and lower after 1 week (2.6 Ϯ 1.8), and the same holds true for the percentage of patients with more than one pain area (48% and 56%, respectively, vs 40%). When the percentage of patients without pain was considered, the reverse relationship was found (13.5% and 10%, respectively, vs 23%). These results show that there is still room left for improvement in our analgesic administration policy to minimize the intensity of the patient's pain, especially during the first postoperative days. The pain distribution did not vary significantly throughout the study period; in particular, there was no significant difference between POD 1 and 7. Therefore, the pain intensity diminished during the first postoperative week, whereas its distribution stayed about the same. On the one hand, as the distance from the operation increases, several nociceptive stimuli such as drains and tracheal suctioning disappear. On the other hand, as the incisional pain diminishes in intensity, osteoarticular trauma caused by thoracic cage retraction continues to be perceived or becomes unmasked. Importantly, several studies have reported an unexpectedly high number of thoracic cage fractures after heart surgery. Greenwald et al 9 found 44 rib fractures among 24 patients who had a bone scan performed 2 weeks after the operation, and Moore et al, 10 in a series of 288 patients, described 24 sternal fractures checked at the time of chest-wall closure. Although the number of pain areas per patient does not change during the first postoperative week, the location does. On POD 7, the number of patients with epigastric area involvement has decreased. This is probably related to the drains that exit at this level during the immediate postoperative period. Moreover, pain of the back of the shoulders is more often described on POD 7. This is likely to be because of active mobilization of joints that have been strained by the sternal retraction during the operation, as well as muscle spasm related to surgical positioning and prolonged bedrest. A special point should be made for leg pain, which occurred exclusively among the 127 patients with saphenous vein harvesting. The percentage of patients involved was relatively small, with the highest number of patients on POD 7 (14.2%), which could be related to the progression of the mobilization of the patient as well as to the decreasing impact of pain-related sternotomy, unmasking leg incisional pain. Tevaearai et al 11 compared minimally invasive harvest of the saphenous vein with conventional technique. In the latter group, 4 of 15 patients (27%) complained of light to moderate pain on POD 7. Another study comparing endoscopic vein harvesting with traditional harvesting found a pain intensity of 3.8 Ϯ 1.8 at the harvest site in the control group between POD 3 and 4. 12 The most likely explanation for these differences lies in the fact that we did not point specifically toward leg pain during the interview, but the patient was asked to describe spontaneously the pain experience.
The subjective nature of pain perception, which is influenced by internal and external factors as well as patient psychological and intellectual processes, is illustrated by three findings. First, when analyzing the maximal and minimal values of pain intensity, nearly the whole range of values was recorded in the immediate postoperative period as well as on POD 7. Second, as many as 27 patients on POD 1 and 46 patients on POD 7 did not report any pain. Third, as few as 18 of 127 patients (14.2%) with a fresh leg wound complained of leg pain on POD 7.
As pain is a subjective sensation, the analysis of the influence of a person's characteristics, such as age, sex, size, and BMI, is relevant. Younger patients had a higher maximal pain intensity on POD 2. This influence of age on pain sensation is consistent with findings of other studies of cardiovascular surgical patients 7 and surgical intensive care patients. 13 Two factors could explain this finding: elderly patients have decreased communication skills in comparison with younger age groups, and the elderly may be more willing to relinquish their autonomy and be less demanding. The only difference between men and women was found for pain distribution on POD 7, with women describing more pain areas. Importantly, however, this difference was not related to the vein harvest site, ie, women did not report more pain from thigh incision than men from calf incision. Other studies on sex-related differences give conflicting results. Most studies reporting a sex difference were conducted on patients with abdominal surgery: Burns et al 14 found that men required significantly more morphine, whereas Weir et al 15 reported that women received more analgesics. Meehan et al 6 found a higher pain sensation in female cardiac surgery patients, with an overall visual analog score during the first 5 POD of 4.57 vs 3.7 for men. However, they analyzed a limited sample of 50 patients. Weight had an influence only on pain distribution on POD 1 in our study, and this weak impact is underscored by the studies of Burns et al 14 and Weir et al 15 in which weight was not related to, nor predictive of, analgesic dosages in abdominal surgical patients.
Several points about our methodology should be noted. First, it is a prospective study involving a large number of patients in comparison with previous studies. 3, [5] [6] [7] [8] These features are a prerequisite for valuable collection of information particularly because of the subjective nature of pain and the wide variation in pain perception. Second, pain data were recorded by the nurse in charge of the patient to ensure a data collection as uniform as possible, which is essential especially in regard to the numerical rating scale and the knowledge of anatomic landmarks. The data collection by the nurse in charge was preferred to that by a single individual because the nurse is the caring person who is the most closely related to and better informed about the well-being of the patient. Moreover, the ICU team is available every day, including the weekend, allowing a consecutive recruitment of patients. Third, we chose to record the pain data during the first 3 POD and after 1 week because we believed from experience that the pain intensity was maximal during the first 2 POD and started to decrease on the third POD. On the other hand, pain status as late as 7 days after the operation, which corresponds usually to the time of hospital discharge, has not been reported in the literature. So far, studies on pain after cardiac surgery have focused mainly on the ICU period. [3] [4] [5] [6] [7] [8] Fourth, the pain data were recorded between 7 and 9 am because it is the time for the nurse to check her patient in the ICU as well as on the ward, thus allowing a constancy in the timing of the recording throughout the hospital stay. Meehan et al 6 have reported the pain intensity prospectively in 50 cardiac surgery patients in the morning as well as in the afternoon during the first 3 POD, and every day both pain intensities were similar. Fifth, intubated patients were excluded from the study because these patients have different pain experiences than extubated patients 16 and the tube may cause impediment to effective communication and limit the ability to assess mental status. Sixth, we used a numerical rating scale rather than a visual analog scale. Both are comparable in terms of construct validity, statistical power, and number of patients who respond similarly to both scales. [17] [18] [19] Correlation coefficients ranging from 0.82 to 0.91 have been demonstrated when using the numerical rating scale to administer questions about presence and level of pain. 18 Moreover, the numerical rating scale has been recommended for use because of its ease of administration and scoring. Lastly, to our knowledge, detailed pain location and distribution analysis has not been reported in the literature in the short-term postoperative setting. Puntillo 16 found in a group of 24 ICU patients, 9 of whom having had cardiac surgery, that many sources of pain were noted other than incisional pain, but these sources were not detailed.
In conclusion, in this cardiac surgery patient population, the postoperative pain intensity diminished from POD 3 onward, whereas its distribution did not vary significantly during the first postoperative week. Moreover, pain location changed with the time, with more osteoarticular type pain involved at the end of the first postoperative week. Among the patients' characteristics-age, sex, size, and BMIonly younger age had an impact on pain intensity, with a significantly higher value on POD 2.
